A selective agar medium (medium J1) is proposed for the quantitative enumeration of egg yolk-positive (EYP) and egg yolk-negative (EYN) Staphylococcus pyogenes from the digestive tract and feces of the rat. This medium, buffered at pH 5.0, is composed of acid casein hydrolysate and yeast extract with 7.5% sodium chloride, 1.6% sodium pyruvate, 0.0008% 2,3,5-triphenyltetrazolium chloride (TTC), and 6% egg yolk emulsion. Inoculation is by the pour-plate method and incubation is at 38 C in a water-jacketed incubator for 36 hr. Colonies of S. pyogenes reduce YTC; EYP strains are surrounded by a halo of opacity; and EYN strains may be surrounded by a red halo, but no opacity. Small, white colonies of S. epidermidis may develop, but Micrococcus, and all other groups of Staphylococcus recognized in the rat intestinal flora, are inhibited. Other bacterial genera, notably Bacillus, Corynebacterium, Proteus, and Streptococcus, are also inhibited.
The literature reveals that much painstaking work has been done in the past in the attempt to isolate Staphylococcus pyogenes. There are at least 62 publications wherein 48 agar media for the isolation of S. pyogenes are described. These are media devised for use with material examined for medical, veterinary, public health, and foodcontrol purposes. Complete correlation between the ability to coagulate plasma and any other biochemical test used for the recognition of S. pyogenes may not be achieved (4, 10) . Thus, the only sure indication of S. pyogenes in an initial isolation medium is the demonstration of plasma coagulation. Unfortunately, solid media containing plasma and fibrinogen are insufficient for the recognition of coagulase-positive colonies, since many false-negative results are obtained under these conditions (21) .
Among the many media that have been evolved, no single medium exists that allows the unique isolation of S. pyogenes. In spite of differential aids, particular difficulty may be experienced when material containing other members of the Micrococcaceae is examined. The very fact that such a large number of selective media exists indicates, as stated by Smuckler and Appleman (33) , that "the perfect medium has not been developed."
The object of the present work was to attempt to create such a medium for the selective enumeration of S. pyogenes and for the isolation of this organism from the alimentary tract and feces of the albino rat, in the presence of overwhelming numbers of aerobes and other facultative anaerobes belonging to the Micrococcaceae and other bacterial families (26) .
MATERIALS AND METHODS
Origin, isolation, and culture of strains employed during trials. Samples of the stomach and intestine (including the wall), and of feces, of "holoxenic" (conventional; 28) albino rats prepared during the analysis of the gastrointestinal microflora (25, 26) were employed. Decimal dilutions of samples were prepared in "diluent II" (25) , which contains [%(w/v) in distilled water]: vitamin-free casein hydrolysate (acid), salt-free (Nutritional Biochemicals Corp., Cleveland, Ohio), 0.2; yeast extract (Difco), 0.1; and NaCl, 0.5 (pH 7.0). Appropriate dilutions were plated in medium "H1" (25) . As described previously, the primary medium, "H" (25) , is composed of "diluent II" with the addition of (%, w/v): agar (Difco), 2.0; and phenol red (Eastman-Kodak, Rochester, N.Y.), 0.0012. The technique (24) involves a preliminary contact at 37 C for 5 min between the bacteria in 1 ml of each dilution and the inhibitor and thermolabile substances in an "intermediate tube. (26) . After purification on blood agar plates [Blood Agar Base (Difco) containing 52% sheep blood], isolates of Staphylococcus and Micrococcus were maintained on the "tryptone medium" for indole production (9), and 6-hr cultures in this medium were used for inoculating trial media. Additional strains of Staphylococcus that were isolated in medium "H1" came from "heteroxenic" [specific pathogen-free (SPF)] (28) rats of the first colony described (27) , and two strains of S. pyogenes came from "heteroxenic" mice reared with this colony. Some samples of the alimentary tract of "gnotoxenic" (gnotobiotic; 28) 10 min at 120 C, was filtered, dispensed in 2.5-ml quantities, and sterilized at 115 C momentarily. Medium YP was inozulated in the manner described above for medium "Hi," poured into Veillon tubes (8 X 18 mm), and plunged immediately into cold water. The "intermediate tubes" contained 0.1 ml of a Seitz-filtered solution, in distilled water, of 0.15% 2,3,5-triphenyltetrazoluim chloride (TTC; E. Merck AG.) and 15% sodium pyruvate (E. Merck AG.). The Veillon tubes were examined for growth and reduction of TTC after 36 hr at 37 C.
Egg yolk opacity in liquid media. Egg yolk opacity was tested with one EYP strain of S. pyogenes by use of the medium described by Gillespie and Alder (12) and a "pyruvate medium" composed of "diluent II" containing 2% sodium pyruvate (E. Merck AG.) sterilized at 115 C for 20 min. After sterilization, 6% egg yolk emulsion was added. Egg yolk emulsion was prepared by a modification of Billing and Luckhurst's method (6) in which a sterile "Chardin no. 11 bis" filter paper was used. Commercial egg yolk emulsion (Oxoid) was also used. Incubation was at 37 C for 14 hr, and 0.1 ml of Staphylococcus antitoxin (1,000 units/ml), prepared by Burroughs Weilcome & Co. (London, England) was added to tubes containing 5 ml of the two media before inoculation.
Egg yolk opacity reaction in agar media. Two media were employed: one consisted of "diluent II" with 2% agar (Difco), and the other was medium J1 (see below).
The concentrations of added substances and the method of inoculation were identical to those given for medium J1. In some cases, 0.6 ml of Staphylococcus antitoxin was added to the "intermediate tube" (Table 3) .
Trial media. Three trial media were used: medium 1 contained "diluent II" with 2% agar (Difco); medium 2 was medium 1 with a final concentration of 7.5% NaCl; medium 3 was the same as medium 2 but was adjusted to pH 5.0 and contained 2.78% NaH2PO4 as a buffer. All three media contained 1.7% sodium pyruvate, added by the technique described for medium "Hi" (the "intermediate tubes" contained 1 ml of 30% sodium pyruvate at pH 7.0). For anaerobic culture, the inoculated media were transferred to 8 X 400 mm tubes. All trial media were incubated at 38 C for 36 hr. Rhizoid colonies of moulds and small lenticular colonies of yeasts were detected on medium Jo in samples from the feces of a "heteroxenic" rat and mouse, respectively. However, no moulds or yeasts developed on medium J1 from feces of "holoxenic" rats, although they were known to be present in certain samples.
DISCUSSION
The following factors govern the selective action of medium J1 here described: a high concentration of sodium chloride, now a classical method for the selective inhibition of gramnegative and some gram-positive facultative aerobes; a limited nutrient supply, chosen for good growth of S. pyogenes and reduction of growth of other bacteria, combined with TTC; and a low pH. The use of TTC and the low pH are necessary for the further inhibition of other gram-positive facultative aerobes, particularly cocci, present in the intestinal microflora and feces of the rat.
Sodium pyruvate was used as the main carbon source in the medium, since, of all organic acid salts tested during the present work, pyruvate supported the best growth of S. pyogenes and suppressed aerobic growth of a test strain of Streptococcus faecalis (Table 2) . Baird-Parker (3) included sodium pyruvate in the selective medium he proposed, since he observed that, in comparison with S. pyogenes, "micrococci" metabolized this compound slowly or not at all. However, pyruvate, although necessary, is not sufficient for growth of S. pyogenes in medium 
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ENUMERATION OF COAGULASE-POSITIVE STAPHYLOCOCCI J1, since either egg yolk (Table 2) or egg lecithin (0.1 %) is also indispensable.
Among the chemical inhibitors that have been used in media containing a high concentration of sodium chloride, TTC was previously used with partial success by Kennedy and Barbaro (19), for the differentiation of S. pyogenes from coagulase-negative "micrococci," by appreciation of colony size. However, over 25 % of the coagulasenegative strains of "micrococci" from human sources gave colonies identical in size to those of S. pyogenes after 24 hr in their medium. Since colonies of S. pyogenes reduce TTC after 36 hr in medium J1, they may be distinguished from those of S. epidermidis, which remain white under these conditions. In addition, other members of the Micrococcaceae capable of reducing TTC in the "TIC test" at pH 6.0, are unable to grow on medium Ji.
Among the physical agents used for the isolation of staphylococci, the selective effect of pH 8.6 or 8.8 to 9.0 has been observed previously (5, 8) . However, up to the present, the differential effect of an agar medium adjusted to pH 5.0 on the growth of species of the Micrococcaceae has not been observed.
Egg yolk, the differential agent employed in medium J1, is included for two reasons: (i) to supply sufficient nutrients, and (ii) to distinguish between EYP and EYN strains of coagulase-positive staphylococci.
The production of opacity by certain coagulasepositive strains of Staphylococcus, was originally observed by Gillespie and Alder (12) . Equivalent results for the egg yolk opacity reaction have not always been obtained in agar media containing egg yolk (31) with strains that were positive in the test of Gillespie and Alder (12) . The opacity reaction in a solid medium becomes more easily visible when the egg yolk in the medium is clarified either by adjusting the pH value above 8.0 (14) or by adding 1 % or more sodium chloride (15) .
There is no information in the literature on the influence of high concentrations of sodium chloride on the egg yolk opacity reaction; however, the results obtained during this work show that 7.5% NaCl has no adverse influence on the opacity reaction produced by colonies of EYP S. pyogenes in solid egg yolk media (Table 3 ).
In fact, the conditions in medium J1 appear to enhance the egg yolk opacity reaction. This may be due to the choice of pH, since this is near to one of the optima described for the egg yolk opacity reaction (32) , it may be due to the presence of sodium pyruvate, or it may be due to a greater diffusion of the enzyme into the surrounding soft medium [large halos were also obtained on the high salt medium of Carantonis and Spink (7) ]. It is interesting to note from the experimental results that only the opacity reaction is produced by both surface and deep colonies in the medium at the selected pH value of 5.0 by a representative EYP strain of S. pyogenes, and that the clear halo and "pearly" surface layer (35) are inhibited ( Table 3 ). The opacity reaction observed in the presence of sodium pyruvate may be considered identical to that described by Gillespie and Alder (12) , since Staphylococcus antitoxin has had the same inhibitory action on its production. Formation of a clear halo and a "pearly" surface layer at pH 7.0 by colonies of EYP S. pyogenes appears to be closely related to the production of opacity, since all three reactions were prevented, at this pH, by Staphylococcus antitoxin. Results obtained during the present work refute the statement made by Pernice and Macri (23) that, contrary to the observations of Gillespie and Alder in a liquid medium (12), a solid medium at acid pH values does not favor the enzymatic activity involved in the egg yolk opacity reaction.
Egg yolk has been incorporated as a differential aid into several selective isolation media where colonies of coagulase-positive staphylococci have been differentiated by the production of a clear halo or opacity. Unfortunately, colonies of coagulase-negative strains of Micrococcaceae grow on all these media, and on all except Innes' medium (15) they may give a reaction similar to that of coagulase-positive strains. The latter medium is, however, too inhibitory to S. pyogenes (2) . Certain coagulase-positive staphylococci of human (1, 7, 13, 16, 22, 20, 31) and animal (1, 29) origin have been recognized to be EYN, even under optimal conditions for the egg yolk opacity reaction. EYN strains of coagulase-positive staphylococci have been involved in human cases of bacteremia, where mortality was twice as high as for cases caused by EYP strains (17, 18, 30) .
Even certain EYN coagulase-negative staphylococci have been considered to be pathogenic, for they have proved to be phage-typable (7). Thus, the medium presently described offers an advantage over previous egg yolk selective media in that only S. pyogenes develops quantitatively. EYN strains may thus be distinguished immediately. The only other bacteria that may develop are the closely related S. epidermidis strains (group II) that grow more slowly and may easily be recognized by the fact that TIC is not reduced after 36 hr of incubation.
During the experimental work, it was noticed that coagulase-positive staphylococci in pure culture, and at isolation from the intestinal tract of "monoxenic" (28) rats, grew quantitatively after surface inoculation of medium J1 by spread- However, a sample of the intestinal contents of a "holoxenic" animal containing 105 viable S. pyogenes cells showed no growth after surface inoculation of medium J,. It must, therefore, be noted that the medium described is designed for pourplate inoculation, and thus differs from the majority of selective media for the isolation of S. pyogenes, and from all such media containing egg yolk.
It must also be pointed out that, if additional nutrients were added to the medium, its selectivity could be lost. The contents of the alimentary tract (diluted to 10-') of all rats examined, however, did not alter the specificity of the medium. Lipases originating from fragments of tissue or food may sometimes cause opacity of the egg yolk, particularly at the 10-1 dilution of samples.
Since this medium allows the detection and quantitative isolation of coagulase-positive Staphylococcus, even at the 10-1 dilution of alimentary tract contents, it may prove to be indispensable for following the development of strains of this organism during implantation studies in the alimentary tract of the "gnotoxenic" rat under different conditions of rearing. In this way, the interactions and ecological relationships in vivo of the associated microflora may be elucidated.
